Introduction
We are examining the possibility of a noncontact fingerprint authentication system. And, we had proposed the extraction method and the rotation compensation method of the principal line of a fingerprint so far. However, there was a problem such as causing the fragmentation of principal line with our technique. Moreover, it should have examined the compensation method of the rotation error of the finger generated when inputting. In this paper, we propose techniques for improving these problems.
Rotation Method
The proposed technique is performing the affine-transformation by using yaw, pitch, and roll angle obtained by the calculation method of each angle. The feature is to use shape information on the finger not obtained by the contact visual input. The input image used by the proposed technique is taking a picture of the front and the side of the finger. Each range of compensation angle are shown in Fig. 1 . The reason to assume the range of the compensation to be from +20 to -20 degrees is that it becomes difficult to acquire a central part of the fingerprint when the rotation error for pitch or roll to exceed 20 degrees.
Extraction Method
The outline of the principal line extraction method of the fingerprint that we propose is as follows. We use Y and Z components of the XYZ color system for the extraction. First, preprocessing, image correction using the approximation image obtained by the wavelet transform is performed. Next, edge extraction and binarization are performed for each component. Then thinning is performed after the combining the two components. It notes that we use the valley though the object extracted as a principal line is generally the ridge, because the valley is more robust than the ridge on the lighting condition in non-contact visual input. The edge is extracted by the Wavelet transform that uses an FBI filter. The reason that the Wavelet transform is used is that there is an advantage, the edge information can be adjusted using divided bands. In binarization, it is necessary to remember that the finger is three-dimensional. In the proposed technique, the threshold has been decided by the distinction analysis method in each area of 20 × 20 pixels.
Afterwards, the combining processing is performed on the Y and Z components, and thinning is performed to combined component. Moreover, in the proposed technique, measures against the noise of thinning that is called a pseudobranch. The pseudobranch is controlled in a binary image, and the pseudobranch is removed from the line image.
Experimental Results
The results of the comparison experiment with the conventional technique is shown in Fig. 2 . The white pixels are the principal line in Fig. 2 .
Conclusion
As a result of the experiment, the quality of the output image has improved greatly that the extraction errors of the principal lines are decreased. In personal authentication systems (PAS) using fingerprints, there is a decline in authentication accuracy because of the dirt on the contact surface with the present input equipment. We have already examined the possibility of noncontact fingerprint authentication to address these problems. In this paper, we propose an improvement for the extraction of a fingerprint and a compensation method for a rotation error for the noncontact fingerprint authentication. In the preprocessing, the compensation of a rotation error from two dimensions to three dimensions. In the proposed rotation compensation technique, the front view and side view of a fingertip are used. Moreover, we examined the cause of decreasing the quality of the principal line in our technique. The extraction error is caused by the change in a red component of the skin caused in blood circulation. Then we propose the technique for correcting an input image by using the approximation image obtained by the wavelet transform. As a result of the experiment, the quality of the output image has improved greatly that the extraction errors of the principal lines are decreased. 図 3 輝度値の性質の違い Criterion 2: The number of endpoint pixel or bifurcation pixel percentage of principal pixels.
場合，指の中央付近の指紋を得ることが困難になるためで ある。
Criterion 3: The number of minutia. 
